The aim of this work is to study the efficiency of firms operating in Calabria, a small and economically-lagging Italian region. The analysis is carried out by estimating a stochastic production frontier for an unbalanced panel of manufacturing firms which are observed over the 1998-2006 period. Results show that the efficiency score is, on average, about 60%. A declining trend is observed over the last three-year period, [2004][2005][2006]. Moreover, firm efficiency increases with firm age and when firms export. Inconclusive evidence is found for the role of investments in ICT and R&D. This is not very surprising given that private effort in technological activities is extremely low in Calabria (private R&D intensity was less than 0.075% of regional GDP in 2010).
Introduction
The high heterogeneity in firm performance and the persistent regional productivity gaps are some of the most debated issues in Italy (Aiello et al 2014; Brida et al 2014) . In the South of the country, the typical weaknesses of Italian firms are exacerbated: they are, on average, much smaller than their counterparts in the Centre-North, exhibit a very low level of internationalisation and underperform in every innovative activity.
Although firm agglomeration appears to have contributed to overcoming the effects of the recent crisis, evidence shows that spatial concentration of economic activity is common in northern regions and rare in the South (Bank of Italy, 2013) .
Within this general framework, this work focuses on the efficiency of firms operating in Calabria, the least developed Italian region (Svimez, 2013) . Compared to the Southern regions, Calabria has the typical features of weak economies: a high degree of dependence on external public transfers; a low degree of internationalisation; a weak innovative system; a fragile financial structure; widespread corruption. Just an example for all. When considering the regional innovation system, it emerges that in Calabria the investments in R&D were, in 2010, 150 MLN of Euros, about 0.5% of regional GDP. In Italy this figure is equal to 1.53%, about half of 3% target set for Italy by Europe 2020. Dramatic signals come also from the composition of R&D expenditure: in 2010, 85% of investments are made by universities. The differences between Calabria and the rest of Italy are therefore really worrying in the private-sector: when in Calabria firms spend 1 euro in R&D, the counterparts in the North-West of Italy spend 11 euro. In short, Calabria is an interesting case-study because firms face a context that is poorly endowed in terms of external factors which act as stimulus and support for individual growth.
By following this line of reasoning, it becomes extremely interesting to analyse how Calabrian firms react to the absence of any type of positive territorial externality. They can act by adopting the best practices in order to be internally strong and efficient and overcome the diseconomies of being located in a poor economy. To this end, this work applies the Stochastic Frontier Approach (SFA) to measure the efficiency scores of an unbalanced panel data of Calabrian manufacturing firms observed over the [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] period. Efficiency is meant to be the distance from the regional production frontier, which we estimated by using the model specification proposed by Battesi and Coelli (1995) . Data are from the VIII, IX and X surveys carried out by Mediocredito CentraleCapitalia (MCC) and Capitalia-UniCredit.
With regard the economic model used in the empirical setting, it is clear that efficiency gains are dependent on many factors, the most influent of which should be the Information and Communication Technologies (ICT) and the R&D efforts made by each company. In other words, it is expected that the introducing and adopting of technology will translate to a systemic increase in efficiency and productivity. For these reasons, our aim is to provide an analysis of the role exerted by some firm-specific factors which are meant to influence firms' efficiency directly. Basically, these are individual investments in ICT and R&D. We also use the firm's openness to international markets, age and affiliation to corporate firms as other controlling factors. Estimations also allow for sectoral heterogeneity and time effect.
Results show that ICT and R&D investments do not have any impact on the efficiency of Calabrian manufacturing firms. On the other hand, it is found that exporting activities and firm age have a positive effect on efficiency. We also find that technical efficiency (TE) is equal to almost 60% over the entire period, meaning that output can, in theory, be increased without changing the amount of any productive factor. On average, a 40% efficiency gain could be achievable just by optimising the use of inputs. Moreover, efficiency is higher in the 1998-2003 sub-period and declines to 55% in [2004] [2005] [2006] . Finally, when averaging TE by firm-group, it emerges that exporters perform better than non-exporters and that no statistically significant differences in means exist between R&D and non-R&D performers and ICT and non-ICT firms.
The remainder of this paper is structured as follows. Section 2 introduces the empirical setting, which encompasses the methodology, the economic model and the empirical approach used to evaluate efficiency. Section 3 briefly presents the dataset, while section 4 focuses on the results. Some conclusions are presented in section 5.
The Empirical Setting
A production frontier specifies the maximum output achievable by employing a combination of inputs. The distance between the production frontier and the actual output is meant to be a relative measure of a firm's technical inefficiency. A firm may be below the frontier and, thus, be inefficient or, alternatively, it may be on the production frontier and be efficient. In short, a technically inefficient firm could produce the same output with fewer inputs or use the same inputs to produce more output.
From an empirical perspective, several techniques have been used to estimate production frontiers. They may be classified as parametric and non-parametric and the choice of the method to be used has been the subject of great debate because each approach has its advantages and disadvantages (Coelli, 1995) . The advantage of nonparametric methods (such as DEA, Data Envelopment Analysis) is that no assumption regarding the functional form is made. Furthermore, DEA does not require an explicit assumption about the distribution of the inefficiency term (Shao and Lin, 2002) . However, in DEA, the distance from the frontier is entirely due to TE. The fact that it does not take into account how randomness may explain part of the distance from frontier is the main limit to DEA. Indeed, if any measurement error and any other source of stochastic variation in the dependent variable is treated as part of the random error, then the estimated-efficiency scores will be biased and sensitive to outliers. This caveat is overcome by SFA which models the composite error structure with a 2-side symmetric component and 1-side term. Being a parametric method, SFA requires some assumptions about (a) the functional form to be assigned to the frontier and (b) the distribution proprieties of two components of the composite error. As far as the first assumption is concerned, we consider a Cobb-Douglas production frontier as it satisfies the basic requirements (quasi-concavity and monotonicity) for production frontiers, although it considers a unitary elasticity of substitution. Finally, we follow the literature with regard the distributions to be assigned to the two components of the error (see below). A further advantage of SFA derives from the specification proposed by Battese and Coelli (1995) , in which the frontier model and the inefficiency equation are simultaneously estimated. Thus, in terms of consistency, SFA is an improvement upon previous two-step modelling where one firstly estimated inefficiency using a frontier and, secondly, used the estimated efficiency-score as the dependent variable in subsequent regression (Greene 1993 Becchetti et al. (2003) and Assefa and Matambalya (2002) the Cobb-Douglas production function we use is specified (in logs) as follows:
where Yit is the output of the i-th firm at time t (i=1,2,…,N and t=1,2,…T); K is the capital, L the labour, M the raw materials.
2 The variable PAV 1 is a dummy which takes the value 1 if it belongs to traditional sectors (Pavitt 1) 3 , while T is a time-trend. The random error v it is assumed to be independent and identically distributed (i.i.d.) with zero mean and constant variance ) , 0 ( 2 v N  , while u it represents the component of 1 The two-step approach suffers from the fact that inefficiency is assumed to be identically and independently distributed in the main frontier equation, while, in practice, it depends on other variables in the inefficiency equation (Wang and Schmidt 2002) . 2 The output is measured by the value firm sales, labour is represented by the number of employees, while the physical capital is gauged by the sum of fixed and immaterial assets. These choices are widely shared by scholars using firm-data level and, especially, by those referring to the same data-source (Aiello et al 2005; Becchetti et al., 2003; Bugamelli and Pagano, 2004; Castiglione, 2012) . independently (but not identically distributed) non-negative random variables. Under the assumption of normality, u it is distributed as
Efficiency is the conditional expectation of exp(-u i ).
Beside allowing decomposition of the composite error, another advantage of SFA relates to the possibility to investigate the determinants of firms' efficiency. In this work, investments in ICT and in R&D, exports, age and affiliation to a group are the explicative variables used to explain the efficiency of Calabrian firms. Hence, the inefficiency equation is as follows:
where ICT is a dummy variable which is 1 if the firm invested in ICT at time t and zero otherwise, R&D takes the value 1 if firm invest in R&D activities at time t and 0 otherwise, exp represents a dummy variable that is equal to unity if firm exports at time t, age is the age of the firm, and group indicates whether a firm is affiliated to a group at time t.
The expected signs for all the coefficients of eq.
[1] are positive: each input factor positively contributes to production. As for inefficiency, the evidence of the impact of ICT on firm performance was mixed until the nineteen-nineties, when Brynjolfsson and Hitt (1996) showed that ICT has a substantial effect on firm productivity levels. In our case, if the 1  coefficient is negative, then ICT will exert a favourable effect on technical efficiency. The same applies for R&D expenses: the sign is expected to be negative, given that it is widely argued that R&D efforts would increase firm efficiency. It is expected that firms involved in exporting activity will have a positive role, assuming that firms which face international competition are more efficient than others. A positive relationship between age and efficiency can be expected due to 'learning by doing' processes which occur through production experience. Evidence of this for Italy is in Castiglione (2012) . However, others show that younger firms generally adopt new innovation easily, while older firms delay adoption as it may be too costly to substitute old methods, thus implying that efficiency may decrease with age (Assefa and Matambalya, 2002) . Finally, the expected sign of the coefficient associated to group is negative. In other words, TE is higher for firms belonging to groups: large organisations have relatively higher productivity and competitiveness than individual firms (Becchetti et al., 2003) .
However, it is very interesting to verify whether all these expectations hold in the case of firms operating in Calabria, where the industry comprises small and independent companies which rarely invest in technological equipment and have little penetration to international markets.
Variables and the Sample of Firms
Data used in this analysis are from the VIII (1998) (1999) (2000) , IX (2001 IX ( -2003 IX ( ) and X (2004 IX ( -2006 surveys of Italian manufacturing firms carried out by the MCC and CapitaliaUnicredit. The firms located in Calabria are extracted from the original three datasets.
4 Table 1 displays some descriptive statistics of the sample of the Calabrian firms reported in the three surveys analysed. In particular, it presents the distribution of firms and labour productivity by firm-group. Firms are grouped into firms that invest in ICT, firms that invest in R&D, firms that export and firms affiliated to corporate firms.
The sample is comprised of 193 firm-observations. Of the whole sample, 47% of the firms invest in ICT, 44% invest in R&D, 25% export and 16% are affiliated to corporate firms. table 1 shows the number of firms that do not invest in ICT, firms that do not invest in R&D, firms that do not export and firms that are not affiliated to corporate firms. Table 1 , also, reports the labour productivity (in logs). From the whole sample, it can be noted that labour productivity is highest for firms that invest in ICT, followed by R&D performers and exporters, while productivity is lowest for firms that are affiliated to corporate firms. 
Results and Discussion
The estimated results of the stochastic production frontier are displayed in table 2 . In what follows, we proceed by firstly presenting some diagnostics of the model and then comment the estimations obtained from the frontier and the inefficiency equations. The final focus is on the efficiency scores averaged by year and firm-group. With reference to the model, one significant result regards gamma, which is the ratio between the variance of inefficiency and the variance of the composite error. For ease of exposition, let 's consider the Model 2. The estimated gamma is 0.8, indicating
The database contains questionnaire information regarding the individual firms' structure and behaviour, 3 years of balance sheet data, employees' education, age of the firm, turnover, etc.
that 80% of the variability in the distance from the frontier is due to inefficiency. While inefficiency plays a dominant role in explaining distance variability, the evidence also implies that the remaining 20% of the total variance is due to the random component of the composite error. This would have been left out of the evaluation if we had modelled the production frontier through a deterministic frontier and, in so doing, we would have mis-estimated the role of inefficiency. Further evidence in favour of the empirical strategies which we follow is that provided by using the Likelihood Ratio test (LR) to verify the correct model specification of SFA. A first application of the LR is to test the presence of inefficiency: under H o we have that u=0. If this hypothesis is accepted, then the frontier may be estimated using OLS. For Model 2, results indicate that the LRstatistics is 62.75 and, therefore, H o is rejected, meaning that the inefficiency is in the data and SFA is the method to be used. Similar conclusions can be drawn from Model 1. Another LR test is carried out by imposing under H o that inefficiency all parameters in eq. [2] are zero. In other words, we test whether inefficiency is not explained by the set of z-variables included in eq. [2] . The degrees of freedom are given by the number of regressors in the inefficiency equation and the critical values are tabulated in Kodde and Palm (1986) . For Model 2, we find that LR is 77.3 and, thus, we reject the null hypothesis at a high level of significance (the critical value at 1% is just 19.38). This implies that the choice to use the SFA specification à la Battesi and Coelli is supported by data.
As far as the estimations obtained from the production frontier are concerned (panel A of table 2), it should be pointed out that the output elasticities to capital and labour are significantly positive, confirming the important contribution to production of traditional inputs. In addition, the magnitude of their impact is broadly coherent with expectation (output elasticity to capital is 0.21, while labour elasticity is about 0.69). With regard the raw materials coefficient, results show no statistical significance. We have also tested that the sum of elasticities is statistically less than unity and, thus, the production frontier exhibits decreasing returns to scale. Furthermore, data in table 2 highlight that the technology of Calabrian firms in traditional industries (Pavitt 1) does not differ from that used in other industries. 5 Finally, the coefficient associated to timetrend is positive, but not significant, indicating that there was no frontier movement over the period under scrutiny.
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The small number of firms (table 1) imposes to group firms belonging to the scale intensive (Pavitt 2), specialised supplier (Pavitt 3) and science based (Pavitt 4) sectors. In all regressions the controlling group comprises firms of supplier dominated sector (Pavitt 1). 1 of table 2) , it emerges that efficiency of Calabrian firms is positively related to exports, since the parameter associated to the dummy variable Exports is negative and significant at the 10% level. Another significant impact on efficiency comes from firm age: we find that TE increases with age. Moreover, membership of a large organisation does not exert any influence on firms' efficiency. This is also true for investments in ICT and, so, contrasts with the literature on the role of ICT (Castiglione, 2012; Gholami et al., 2004; Shao and Lin, 2002) . The coefficient associated with the R&D dummy is also positive, but not significant, implying that R&D does no exert any effect on the efficiency of Calabrian firms. This finding also contrasts with the previous literature (see, for example, Hall et al., 2013) .
What clearly emerges from Model 1 are the contrasting results regarding the role of innovation and of investments in ICT. Given this, we explore the links between TE and the technological factors (ICT and R&D), proposing a further disaggregation of firms on the basis of age and the status as innovators in ICT and/or in R&D. To this end, companies are meant to be young if they are less than 10 years (firms aged more than 10 years are considered old). Within each group, we distinguish firms which only invest in R&D (Young R&D and Old R&D), only in ICT (Young ICT and Old ICT) and both in ICT and R&D (Young ICT-R&D; Old ICT-R&D). Results are displayed in column 2 of table 2. The evidence found is not such as to allow a single conclusion . Firm inefficiency is positively linked to the status of being a young-ICT performing firm (the estimated parameter is indeed positive, 1.81, and highly significant). The same applies for the sample of old and R&D firms: in this case, the parameter is 0.67 and significant at 5% level. Efficiency appears to be strongly related to the status of being an old and ICT performer (the estimated coefficient is -1.86). As for the groups of young-R&D and old R&D-ICT firms, we find a positive impact on efficiency, but the evidence remains inconclusive because the estimated parameters are not significant.
In contrast with previous literature (see, above all, Hall et al. 2013) , from our results it emerges that there is no complementary effect between ICT and R&D investments. This might be due to the features of Calabria, which appears to be still stuck to the Solow paradox. Indeed, immediately after the Solow' (1987) paradox, some authors (Brynjolfsson and Hitt, 1996; Gordon, 2002) assert that ICTs were (and, likely, still are in economies such as Calabria) modest as share of aggregate stock of capital and that the diffusion of ICT and the absorption of its benefits take a long time to have discernible effects on firm performance. These arguments seem hold in our study. Indeed, a positive impact of ICT on efficiency has been revealed only for the old-ICT performers.
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With reference to the estimated TE scores, the first result to be discussed is that Calabrian firms achieved, on average, 65% (Model 1) or 60% (Model 2) of their potential production over the period [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] . Hence, the increase in output that would have been possible without employing more inputs varies from 35% to 40% (table 2) .
From a dynamic perspective, what we see from figure 1 is that TE of Model 2 was 60% in 1998 and increased to 72% in 2002, while it reached its minimum (50%) in 2004 and, after, increased to about 55% in the two-year period [2005] [2006] . The same pattern is found when considering the TE retrieved from Model 1. Whatever the case, according to our estimations, Calabrian firms reduced their efficiency of production in the years immediately preceding the 2008 financial crisis and this may partly explain the collapse of entrepreneurship that many observers record in Italy in general and in the poorest Southern regions in particular during the crisis (Bank of Italy, 2013) . When the crisis started, the low levels of efficiency impeded Calabrian firms from reorganising their production processes to cope with the exogenous-effects of the crisis.
Valuable information can be also retrieved by averaging the TE scores by firm-type. Figure 2 indicates that, for the 1998-2006 period, the exporting firms attain a TE score of about 75%, while the TE for no-exporters is 55%. When testing the equality of means, we obtain a p-value equal to 1, indicating that exporters, on average, perform significantly better than non-exporters. It also emerges that firms which are part of a larger organisation are, on average, 62% efficient, while the TE of independent firms is 59%. However, the difference in means is not significant in this case. No difference is found when comparing R&D and non-R&D firms, whose TE has been estimated at around 60%. Similarly, when dividing the sample according to the technological efforts in ICT, the evidence indicates that TE is, on average, 60%. Importantly, it seems that older Calabrian firms perform better than the new ones as their TE is 64% and 51% respectively (the difference is highly significant. The t-values of the test on the equality of differences is 4.26). This evidence complements what was referred to above during the discussion on the estimated parameters of the inefficiency equation (table 1) .
What we have learnt is that, on average, the TE does not differ between R&D (ICT) performers and non-R&D (non-ICT) performers. At the same time, we see that the young firms achieved a significantly lower TE score than that obtained by the older ones. This merits further investigation. As before, we investigate whether some differences in averaged-TE exist for R&D and/or ICT performers when they are grouped on the basis of age. Results are in figure 3 . Among the group of young-firms, the best performers are those that only invest in R&D: their TE is 70%. On the other hand, young firms that only invest in ICT achieve an extremely low TE (21%): given the inputs they use, their output would increase by about 79% by just pursuing efficient strategies and using the productive factors better. The evidence slightly differs when considering the old firms. In this case, the highest TE value (75%) is observed for companies which only invest in ICT. It is worth underlining that a TE score of 75% is comparable to that (69%) registered by old firms which neither invest in R&D nor in ICT. Another outcome to be discussed concerns the R&D and ICT performers: these have a TE of about 60%, a value which does not vary according to firm age. In short, the main conclusion that may be drawn is that the initial result in favour of old firms (figure 2) is due to these firms' only investing in ICT: they perform much more better than their counterparts in the group of young companies. Conversely, in all the other cases, TE in the young and old groups are comparable. 
Young Firms Young Firms
Old Firms
Concluding Remarks
This work estimates a production frontier of a sample of manufacturing firms operating in Calabria. This is done in order to measure the level of average efficiency and evaluate the role played by the main determinants of individual performance. To this end, a stochastic frontier approach -following the specification proposed by Battesi and Coelli (1995) -has been employed considering a panel data extracted from the VIII, IX and X surveys by the MCC and Capitalia-UniCredit. In total, there are 193 firmobservations from 1998 to 2006. Three main results emerge. First of all, this study confirms the role of traditional inputs (physical capital and labour) in determining the level of production in Calabria. While the size of output elasticity to labour is similar to the input-share in output predicted by earlier neoclassical models (one-third to physical capital and two-thirds to labour), the outputelasticity to capital is less than that expected. Thus, we find that the technology used in Calabria exhibits decreasing returns to scale.
Secondly, the estimated value of mean efficiency is also of great interest. It emerges that TE is around 60% with a declining trend over the years [2004] [2005] [2006] . According to our estimates, regional output could theoretically be increased by about 40% without increasing the amount of inputs used in production. Achieving this output-target could be possible by simply improving efficiency in each and every firm.
Finally, we find that efficiency increases with age, suggesting that a learning-byexperience effect is at work. The same holds for openness to international markets: exporters perform better and self-select into the world market as suggested by, among many others, Wagner (2007) and ISGEP (2008) . Inconclusive evidence is found for affiliation to corporate firms. On the other hand, contrasting outcomes have been found for firms investing in ICT and for those involved in R&D. These efforts do not affect individual outcome and, so, no significant difference in averaged-efficiency scores has been revealed when comparing firms in terms of the innovative activities they perform.
Undoubtedly, this latter finding is counterintuitive given that R&D and ICT are two key sources of firm-growth. Some facts may used to explain this evidence. On the one hand, the number of innovating companies is extremely low in Calabria. This is verified in our data (see table 1). If there are few innovators and these do not cooperate each other, then the spatial diffusion of knowledge will be restricted and productivity and technological spillovers will be limited. This means that firms will not be able to benefit from simply adopting the technology made by others and from economies of agglomeration, as proved by many authors (Aiello and Cardamone, 2012; Audretsch and Feldmann, 2004; Brulhart and Mathys 2008; Carboni Oliviero, 2013; Rosenthal and Strange, 2004) . On the other hand, we know that innovators are not only limited in number, but that the investments they make are small in scale. Firms invest rarely and when they do, the expenditures they make are low. In such cases, it is unlikely that ICT and R&D will spontaneously stimulate productivity. As a consequence of this marketfailure, a massive and selective policy aimed at fostering the use and diffusion of new knowledge is needed. Along this line of reasoning, this paper allows a clear, evidencebased policy implication to be drawn. Indeed, we have argued that Calabrian firms might produce more just by optimising the use of inputs already available. Therefore, priority should be given to reducing firms' distance from the actual technological frontier. This could be easily pursued through improvements in decision-making, which basically are related to a host of variables including knowledge, experience and education and to the introduction of organisation innovations. A regional policy that supports such processes will allow companies the possibility to acquire efficiency and could lead to (according to our evidence) an increase of up to 40% in regional production. Given that movement towards the frontier is easier to achieve than an upward shift in the frontier itself, a recovery of efficiency would generate wide and systemic benefits and, thus, alleviate, in a very short time, the negative impact of the current economic crisis.
